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Abstract 
Introduction: Non-extraction Class II malocclusion treatments often employ the use of 
maxillary dentition distalization mechanics. The rationale behind these mechanics is to 
treat the sagittal position of the maxillary dentition to the mandibular dentition. As 
anchorage loss may occur after distalization of molars, inter-arch mechanics are often used 
during comprehensive treatment that may manifest in the finish as a more protrusive 
lower dentition.  
Objective: To evaluate the efficacy of several distalization modalities, used as part of 





Materials and Methods: Four different modalities of distalization treatment of Class II 
malocclusion were compared regarding dental and soft tissue changes: Distal Jet (n=26), 
Horseshoe Jet (n=26), Pendulum (n=26), and the MGBM (Maino, Giannelly, Bernard, Mura) 
protocol (n=25). The Horseshoe Jet and MGBM methods use miniscrews supported 
anchorage while the Distal Jet and pendulum do not. The majority of the pendulum subjects 
(24 of 26) were prescribed headgear wear. For each of the groups, lateral cephalograms 
were taken before treatment and after comprehensive treatment.  
Results: Minimal differences in soft tissue changes between the groups were found; 
however, significant (p≤0.05) differences in dental changes between groups for lower 
incisor, upper incisor, and upper first molar sagittal positions were found. Lower incisors 
showed significant protrusion and proclination for the Distal Jet experimental group 
(p<0.05). The upper incisor showed the greatest uprighting and retraction (p<0.05) in the 
pendulum group and the most proclination (p<0.01) in the Horseshoe Jet group.  
Conclusion: Three out of four experimental groups showed some amount of lower incisor 
protrusion and/or proclination. Bone anchored modalities had reduced side effects on the 
lower incisors, with the Horseshoe Jet showing less change than Distal Jet (p=0.05) and the 
MGBM group showing no significant change. The pendulum group had the greatest upper 






Treatment of Class II malocclusion via non-extraction treatment modalities has long 
relied on distalization of maxillary molars to achieve Class I relationships. Since the 1880s, 
clinicians have utilized appliances, such as headgears, to apply distalizing forces on 
maxillary molars1. Patient compliance with the long hours (12-14h) required for the 
appliance to be effective is often poor and unpredictable2. Because of this, non-compliance 
based intraoral distalization appliances were invented in great numbers and gained 
popularity.  
A common thread across the various distalization appliances is that the correction 
of Class II malocclusion is done by treating the maxillary arch to the anterior-posterior 
position of the mandibular arch. The decision to perform maxillary distalization is often 
dependent on the etiology of the case. In a study with 697 subjects, Moyers et al. found 
about 20% of subjects had true maxillary prognathism as the underlying etiology of Class II 
malocclusion, and about 50% of subjects had mandibular retrognathism with no maxillary 
prognathism.3 The etiology of Class II malocclusion is often multifactorial and the 
treatment should be individually tailored to accurately address the cause of the 
malocclusion. For example, if the patient exhibits mandibular retrognathism, an inter-arch 
functional appliance could be used to induce forward dentoalveolar movement and growth 




maxillary protrusion, a distalization appliance could be used to retract the maxillary arch to 
a Class I relationship.  
There have been numerous retrospective studies on Class II treatment using patient 
non-compliance conventionally anchored appliances such as Distal Jet4,5,5, pendulum6,7, 
Italian loop8, push coils, repelling magnets, Jones jig9, etc. to distalize the maxillary molars 
to Class I and beyond, and then to distalize the remaining maxillary teeth to them, until all 
spaces are closed. Anchorage control during the retraction of maxillary teeth to the 
distalized molars is of utmost importance. Class II correction would fail if there is 
substantial loss of posterior anchorage during space closure. To obtain anchorage, inter-
arch mechanics are often used, which could lead to a more protrusive mandibular arch at 
end of comprehensive treatment. 
 The Distal Jet was introduced by Carano and Testa, and then further modified by 
Bowman.10 The apparatus was designed to provide distal movement with limited tipping 
and rotation. It is a fixed palatal appliance consisting of a bilateral piston and tube 
configuration where the activation force is applied by a collar that compresses nickel-
titanium open-coil springs in a mesial-distal orientation parallel to the occlusal plane. It is 
attached to either the first or second premolar along with acrylic coverage of the anterior 
palatal vault for anchorage. The first molars are attached to the apparatus via a bayonet 
wire inserted into the lingual sheath of the band. It is activated every 4-6 weeks via 




set screws are locked down to stop the distalization process and the premolar component 
is removed to allow trans-septal fibers to distalize the premolars. The rest of the dentition 
is then distalized sequentially. The Nance component is retained to provide continued 
anchorage throughout treatment.  
The results of the Distal Jet appliance immediately after molar distalization was 
described by Ngantung et al.: “Maxillary first molars were distalized by an average of 2.1 ± 
1.8mm and tipped distally 3.3 ± 3.7 degrees. Mesial movement (anchorage loss) of the 
second premolar was 2.6 ± 2.0mm with the premolars tipping distally 4.3 ± 5.2 degrees.” 
However, much of this change was undone after comprehensive treatment, as Ngantung 
reported: “Upon the completion of comprehensive treatment, the maxillary first molars 
were positioned mesially a net average of 3.9 ± 2.5mm, tipped mesially 6.1 ± 4.6 degrees, 
and extruded (or erupted) 1.4 ± 1.9mm.” It is surprising to find the final position of the 
maxillary molars to be more mesial than when they started, but the authors attributed it to 
growth of the maxilla in a forward and downward direction.5  
 Ngantung et al. stated there was a loss of anterior anchorage during distalization 
that resulted in mesial movement of the premolars along with labial tipping of the 
maxillary incisors. It was also suggested that treatment with the Distal Jet should not be 
used in patients with full or protrusive profiles due to increased flaring of incisors after 
treatment. The maxillary incisor angulation was increased by an average of 12.16 degrees 




The pendulum appliance was first created by Hilgers as a modification of his 
maxillary expander to provide more distalization without an expansion component.11 It 
consists of a Nance acrylic button, with arms bonded to the occlusals of premolars, and 
distal springs activated to approximately 60 degrees posteriorly which are engaged in 
lingual sheaths of molar bands.12 Chiu et al. compared the effects of the Distal Jet appliance 
versus the pendulum appliance.6 Pendulum appliances in this study provided more 
distalization when compared to the Distal Jets (3.4-5.7mm versus 2.1-3.2mm), and had 
greater molar tipping (8.4-15.7 degrees versus 1.8-3.3 degrees). After comprehensive 
treatment, similar but less dramatic protrusion and proclination of incisors were noted 
compared to the Distal Jets results noted earlier. IMPA increased an average of 4 degrees 
and L1 moved 1mm labially. U1 to FH was increased 3.3 degrees and U1 moved 0.2mm 
labially.6 
In order to mitigate the side effects seen in conventional distalization mechanics, 
temporary anchorage device (TAD) supported distalization techniques have been gaining 
in popularity. A direct evolution of the Distal Jet appliance is the miniscrew supported 
Horseshoe Jet appliance developed by Bowman and Carano.13 It is similar in design to the 
Distal Jet except it has no Nance acrylic button or premolar attachment arms and, instead, 
has soldered hooks in the anterior portion of the appliance for attachment of stainless steel 
ligatures, which would be hooked to miniscrews. Miniscrews are placed on the palatal 




2mm in diameter and 6-8mm in length are inserted at 45-75 degrees to the cortical bone to 
allow the root of the second premolar to pass the miniscrew during retraction of the 
second premolar. After the insertion of the miniscrews, ligation of miniscrews to the 
appliance’s soldered hooks, and cementation of the molar bands of the Horseshoe Jet to the 
first maxillary molars, the nickel-titanium coil springs are activated by unlocking the mesial 
lock and moving it posteriorly to compress the coil springs. Then, the distal set screw is 
unlocked ¼ turn to permit the distalization of the molar to begin. Once the desired 
distalization of molars is complete, the distal set screws are tightened to stop further 
distalization. Then, the mesial lock is moved back to once again compress the coil springs 
against the locked distal set screw to prevent food impaction in the coil springs. The second 
premolar is allowed to drift distally by the action of the transseptal fibers. The appliance 
remains in place to provide anchorage as the anterior teeth are then retracted.  
In 2007, Maino, Giannelly, Bernard, and Mura (MGBM) introduced a new skeletally 
anchored non-compliance distalization protocol. The MGBM system consists of 3 phases: 
molar distalization, premolar and canine retraction, and incisor retraction8. Molar 
distalization is performed with skeletal anchorage from two palatally inserted miniscrews 
between the maxillary second premolars and the first molars. A transpalatal arch is placed 
on the first premolars and is anchored with steel ligature to the miniscrews. Molar 
distalization is performed using the Simultaneous Upper Molar Distalizing System 




molars. Premolar and canine retraction starts with the removal of the transpalatal arch and 
palatal miniscrews. Two miniscrews are then placed buccally directly mesial of the now 
distalized maxillary first molars. The buccal miniscrews provide direct anchorage for the 
retraction of premolars and canines with the use of nickel-titanium coils from the 
miniscrew to power arms extending from the first premolars and canines. Incisors 
retraction is performed with direct anchorage from the buccal miniscrews to archwire 
hooks placed distal of the upper laterals. A retrospective study by Maino et al. on 30 
subjects found that, immediately post-distalization, there was an average maxillary first 
molar distalization of 4.14 ± 2.8mm and distal tipping of 10.5 ± 6.2 degrees.14 Anchorage 
loss was seen in the maxillary first premolar as 1mm of mesial movement and 1.1 degree 
mesial tipping.14 In comparison with conventionally anchored distalization techniques, 
MGBM was found to have less maxillary anterior anchorage loss during distalization.15 
Studies that investigated the mandibular dentition changes after distalization often 
found forward mandibular movement similar to the effects seen in Class II inter-arch 
mechanics. Burkhardt et al. compared the effects of pendulum versus Herbst appliances, 
used in the first phase of two phase treatments, and found “87% of the molar distalization 
achieved during the first phase of treatment was lost during the second phase of treatment” 
and that the “mesial movement of the mandibular molars in the acrylic Herbst and 




Fontana et al. conducted a retrospective study on the effect of various distalization 
techniques on adult patients.16 The types of distalization techniques included in the article 
were the pendulum appliance, the Distal Jet appliance, the Fast back appliance, compressed 
NiTi coils, and the Loca system wires. By limiting the study to only adult patients, Fontana 
et al. was able to study the positional changes of the dentition without having to account for 
growth. The authors attempted to, but were not able to completely eliminate the use of 
Class II elastics and found mesial movement of mandibular dentition in their samples. In 
patients who underwent molar distalization treatments, they found that “molar 
distalization contributed for 64.4% to the Class II molar correction, while 35.6% was due to 
the concomitant mesial movement of the mandibular molars”. This is in contrast to another 
article by the same group using the same sample where they did not attempt to eliminate 
the use of Class II elastics, and they found 57.6% molar distalization and 42.4% mandibular 
mesial movement.16 
The thought process behind these treatments of Class II malocclusion is that the 
maxillary dentition is being treated to the sagittal position of the mandibular dentition. If 
this is true, then the mandibular dentition should not move forward. However, after molar 
distalization, there is almost always a Class II inter-arch mechanic used to distalize 
premolars and subsequent anterior teeth.2 There is a lack of literature that includes post-
treatment evaluation of the final positions of the mandibular dentition and soft tissue 




distalizers with that of miniscrew supported distalizers. Thus, our aim is to conduct a 
retrospective cohort study to determine how orthodontic treatments utilizing distalization 
appliances can affect the upper and lower anterior dentitions, the upper first molar 
position, and the soft tissue profile.  
 
Materials and Methods 
A retrospective cohort study was conducted comparing four groups: those who 
were distalized with the Distal Jet appliance, pendulum appliance, the Horseshoe Jet 
appliance, and the MGBM protocol. The samples were collected from various orthodontic 
practices: Distal Jet and Horseshoe Jet subjects were provided by Jay Bowman, MGBM 
subjects were provided by Giuliano Maino, and pendulum subjects were collected from 
Boston University School of Dental Medicine Orthodontic Department. All subjects had 
cephalometric films taken before treatment (T0) and after comprehensive orthodontic 
treatment (T1).   
Both the MGBM and the Horseshoe Jet distalizers utilized TADs for anchorage. 
Pendulum subjects collected from Boston University were treated by various faculty 
members with varying anchorage protocols where 24 of the 26 cases were prescribed 





• Ages 10-30 
• Have undergone non-extraction comprehensive orthodontic treatment with the use 
of distalization appliances 
• Class II malocclusion 
• Have high quality pre- and post-treatment cephalometric radiographs 
Exclusion criteria: 
• Erupted third molars 
• Any extractions 
• Any orthognathic surgeries 
 
After accounting for the inclusion and exclusion criteria, the qualifying subjects from 





 MGBM  Pendulum Distal Jet Horseshoe Jet 
Average Age 13.59459 12.86486 12.89323 13.47863 
Median Age 13 13 12.5 13.25 
Min Age 11 10 10 11.41667 
Max Age 23 17 22.83333 16.25 
     
Males 19 9 8 18 
Females 18 28 24 21 
Ratio M/F 1.055556 0.321429 0.333333 0.857143 
Table 1.1: Demographics of the qualifying subjects. 
 Due to the potential for growth in our subjects, it is paramount to ensure the ratio of 
male to female remain relatively equal throughout the groups. The ratio of male to female 
was initially dissimilar across the groups. Thus, subjects were removed randomly from 
each group until each had 8 males and 18 females. In the MGBM and Distal Jet groups, there 
was one female outlier in each group who were significantly older than the rest of the 





After normalizing the genders and age of the subjects, the demographics of each 
group were as follows: 
 MGBM  Pendulum Distal Jet Horseshoe Jet 
Average Age 13.26923077 13.26923 12.88462 13.46474 
Median Age 13 13 13 13.29167 
Min Age 11 10 11.41667 11.41667 
Max Age 16 17 16.91667 16.25 
     
Males 8 8 8 8 
Females 17 18 18 18 
Ratio M/F 0.470588235 0.444444 0.444444 0.444444 
Table 1.2: Demographics of subjects after normalizing for age and sex. 
 
All subjects were treated to a Class I molar finish. All lateral cephalometric 
radiographs were digitally traced on Dolphin Imaging Software and a custom analysis was 
created to include all the measurements of interest. Analog cephalometric films were 
provided by Bowman for the Distal Jet samples and were first scanned into digital files 
(.jpeg) using an Epson Expression 11000XL – Photo Scanner (Epson America, Inc., Long 
Beach, CA) with the settings: Professional Mode, Film, Positive Film, 16-bit Grayscale, 300 
dpi, and were calibrated by accounting for 10% magnification. All points of interest on 
lateral cephalometric films were marked by two calibrated operators. Intra-examiner and 





Points of analysis: 
Linear measurements: 
• Incisal edge L1 to Facial plane (N-Po) in mm 
• Incisal edge L1 to Nasion - B point (N-B) in mm 
• Incisal edge L1 to A point - pogonion (A-Po) in mm 
• Incisal edge U1 to Nasion – A point in mm 
• Incisal edge U1 to Nasion perpendicular to FH in mm 
• Incisal edge U1 to Nasion-Pogonion in mm 
• Incisal edge U1 to A point - pogonion (A-Po) in mm 
• Distal U6 to PtV in mm  
Angular measurements: 
• L1 to mandibular plane (IMPA) (°) 
• L1 to FH (FMIA) (°) 
• L1 to SN (°) 




• U1 to FH (°) 
• U1 to Apo (°) 
• U1 to SN (°) 
• U6 to SN (°) 
Soft Tissue: 
• Upper lip to E-Plane (mm) 
• Lower lip to E-Plane (mm) 





Figure 1: Select angular measurements of dentition:  










Figure 3: Upper (1.) and lower (2.) lip in relation to the E-plane. Lips posterior of E-plane 






Figure 4: Antero-posterior measurements of dentition are made in relation to: 1. 
Nasion-Pogonion (NPo), 2. Nasion-B point (NB), 3. Nasion-A point (NA), 4. A point-






T-test for equality of means was done to determine the effect of treatment on 
cephalometric measurements between T0 and T1 of each group. Analysis of variance 
(ANOVA) was conducted on the mean of differences between T0 and T1 of each 
cephalometric measurement to determine if there were significant differences between 
each group’s post-treatment changes. Tukey analysis was performed to compare the post-
treatment changes between each group. Inter-examiner and intra-examiner reliability was 
tested by using intra-class correlation coefficient analysis (ICC). 
 
Results 
The cephalometric tracings were performed by two examiners. Each examiner traced 
10% of the other examiner’s cephalometric radiographs to ensure calibration between 
both examiners. ICC analysis showed that both intra-examiner and inter-examiner 









L1 – NPo (mm) 0.996 0.970 
L1 – NB (mm) 0.991 0.961 
L1 – Apo (mm) 0.995 0.984 
U1 – NA (mm) 0.990 0.978 
U1 – Na-Perpendicular 
(mm) 
0.941 0.898 
U1 – NPo (mm) 0.997 0.991 
U1 – APo (mm) 0.997 0.983 
U6 – PT vertical (mm) 0.938 0.950 
IMPA 0.935 0.971 
FMIA 0.949 0.913 
U1 - FH° 0.977 0.984 
U1 - APo° 0.983 0.981 
U6 - SN° 0.947 0.990 
U1 - SN° 0.986 0.971 
L1 - SN° 0.965 0.961 
NLA 0.967 0.945 
Lower Lip to E-plane 0.963 0.967 
Upper lip to E-plane 0.978 0.968 
Facial convexity 0.950 0.923 
Table 2: Inter-rater and intra-rater reliability test by intra-class correlation coefficient. 
 
 Due to the effects that growth can have on this study’s specified measurements, it 
was important to ensure that age across our groups do not differ significantly. An analysis 
of variance was performed on the groups and revealed no statistically significant difference 








Distal Jet  
± StdDev 
Horseshoe 
Jet ± StdDev 
P-Value 
Age 12.88 ± 1.33 13.27 ± 1.73 12.88 ± 1.32 13.46 ± 1.13 0.3454 
Table 3: Age as a dependent variable in ANOVA 
Changes from T0-T1 for Each Group 
MGBM 
The MGBM group did not exhibit any statistically significant (p < 0.05) proclination 
or protrusion of the lower incisors. Two out of four measurements (U1-NPo [mm]), U1-APo 
[mm]) for upper incisor A-P position showed retraction by an average of 1.39mm and 
0.86mm, respectively. All measures of upper incisor inclination (U1-FH°, U1-APO°, U1-SN°) 
showed proclination by an average of 4.48°, 2.48°, and 4.68°, respectively. Also, upper 
molar had mesial tipping, by 4.48°, without significant mesial movement. The upper molar 
position is measured from the distal point of the anatomical crown to the PtV line, 
therefore mesial tipping of molars without measureable mesial movement indicates 
distalized molar roots in the finish. Upper lip to E-plane was found to be reduced by 
1.90mm while lower lip to E-plane reduced by 1.38mm.  
Pendulum 
In the pendulum group, only the IMPA had a statistically significant change in lower 
incisor proclination measurements as it had increased by an average of 2.76°. Two out of 




retraction by an average of 1.96mm and 1.58mm, respectively. Upper incisor was 
retroclined by 4.03° in relation to A-Po. The upper lip was more retrusive to E-plane after 
treatment by an average of 1.72mm. The facial convexity had increased by 2.73°.  
Distal Jet 
The Distal Jet group had the most significant lower incisor protrusion and 
proclination with all measurements showing forward movement of lower incisors. 
Measures showing protrusion were: L1 – NPo by 1.41mm, L1 – NB by 1.68mm, and L1 – 
APo by 1.96mm. Measures showing proclination were: IMPA by 2.93°, FMIA by 3.60°, and 
L1 – SN by 2.35°. There were no significant changes in the upper incisor position or 
inclination. The U6 - SN° increased by 3.30°, which indicates mesial tipping of the upper 
first molars. Nasolabial angle increased by 8.91°, upper lip to E-plane retruded by 1.88mm, 
and facial convexity increased by 3.61°, which indicates a less convex profile. 
Horseshoe Jet 
The Horseshoe Jet group had statistically significant lower incisor protrusion (L1 – 
NPo by 0.71mm, L1 – NB by 1.12mm, L1 – APo by 1.22mm) and proclination (FMIA by 3.06° 
and L1 – SN by 3.18°). The upper incisor had no significant protrusive changes but 
measurements of proclination were increased: U1 - FH by 6.93°, U1 – SN by 6.79°, and U1 – 











Characteristics T-0 (mean ± ST 
deviation) 
T-1 (mean +/- St 
Deviation) 




L1 – NPo (mm) 2.98mm ± 2.58 2.75mm ± 2.75 -0.23 ± 1.28 0.3819 
L1 – NB (mm) 4.43mm ± 1.91 4.74mm ± 1.78 0.31 ± 1.12 0.1832 
L1 – APo (mm) 1.54mm ± 1.87 2.01mm ± 1.56 0.47 ± 1.57 0.1496 




5.15mn ± 4.83 4.43mm ± 4.86 -0.72 ± 3.15 0.2664 
U1 – NPo (mm) 7.31mm ± 2.92 5.92mm ± 2.82 -1.39 ± 1.44 <0.0001 
U1 – APo (mm) 6.06mm ± 2.27 5.20mm ± 1.78 -0.86 ± 1.61 0.0138 
U6 – PT vertical 
(mm) 
15.30mm ± 4.60 15.57mm ± 4.20 0.27 ± 2.44 0.5878 
IMPA 95.09° ± 5.62 96.53° ± 5.84 1.44 ± 4.11 0.0929 
FMIA 60.60° ± 6.24 60.21° ± 5.99 -0.38 ± 5.11 0.7103 
U1 - FH° 112.65° ± 7.73 117.14° ± 5.62 4.48 ± 6.12 0.0012 
U1 - APo° 27.22° ± 7.55 29.71° ± 5.57 2.48 ± 4.94 0.0191 
U6 - SN° 69.95° ± 4.71 74.42° ± 6.66 4.48 ± 6.97 0.0038 
U1 - SN° 103.66° ± 7.14 108.34° ± 5.71 4.68 ± 5.92 0.0006 
L1 - SN° 51.62° ± 6.24 51.41° ± 5.90 -0.22 ± 4.91 0.8278 
NLA 134.40° ± 7.20 133.12° ± 7.47 -0.15 ± 7.10 0.9257 
Lower Lip to E-
plane 
-0.80 ± 1.83 -1.83 ± 2.20 -1.38 ± 1.22 <0.0001 
Upper lip to E-
plane 
-3.62 ± 1.64 -5.25 ± 1.69 -1.90 ± 1.42 <0.0001 
Facial convexity 158.11° ± 4.28 158.73° ± 5.27 0.63 ± 2.83 0.2974 
Table 4.1: A comparison of MGBM pre-treatment (T0) measurements to post-treatment 






Characteristics T-0 (mean +/- 
ST deviation) 
T-1 (mean +/- St 
Deviation) 




L1 – NPo (mm) 5.27mm ± 3.12 5.29mm ± 3.03 0.02 ± 1.60 0.9613 
L1 – NB (mm) 6.20mm ± 2.35 6.51mm  ± 2.21 0.30 ± 1.66 0.3601 
L1 – APo (mm) 3.26mm ± 2.18 3.82mm ± 2.14 0.56 ± 1.93 0.1502 




8.06mm ± 5.19 8.18mm ± 5.13 0.12 ± 2.45 0.8064 
U1 – NPo (mm) 9.83mm ± 3.55 7.88mm ± 3.25 -1.96  ± 2.14 <0.0001 
U1 – APo (mm) 8.07mm ± 2.67 6.49mm ± 2.54 -1.58 ± 2.21 0.0013 
U6 – PT vertical 
(mm) 
15.12mm ± 4.00 16.99mm ± 3.66 1.87 ± 2.77 0.0020 
IMPA 97.16° ± 6.63 99.92° ± 6.75 2.76 ± 4.89 0.0081 
FMIA 58.42° ± 6.91 57.01° ± 6.37 -1.41 ± 5.13 0.1743 
U1 - FH° 117.38° ± 7.68 115.82° ± 7.16 -1.56 ± 7.68 0.3099 
U1 - APo° 32.53° ± 7.08 28.50° ± 5.33 -4.03 ± 7.52 0.0114 
U6 - SN° 70.67° ± 5.49 72.57° ± 4.26 1.90 ± 6.08 0.1234 
U1 - SN° 107.62° ± 6.89 105.25° ± 7.33 -2.37 ± 8.63 0.1740 
L1 - SN° 48.66° ± 6.45 46.43° ± 6.76 -2.23 ± 5.62 0.0541 
NLA 136.60° ± 7.16 138.24° ± 8.10 1.48 ± 7.00 0.3025 
Lower Lip to E-
plane 
1.02 ± 2.61 0.47 ± 2.94 -0.61 ± 1.92 0.1241 
Upper lip to E-
plane 
-1.10 ± 2.80 -2.78 ± 3.35 -1.72 ± 1.93 0.0002 
Facial convexity 157.97° ± 5.28 160.70° ± 5.54 2.73 ± 2.86 <0.0001 
Table 4.2: A comparison of Pendulum pre-treatment (T0) measurements to post-







Characteristics T-0 (mean +/- 
ST deviation) 
T-1 (mean +/- St 
Deviation) 




L1 – NPo (mm) 2.92mm ± 2.75 4.33mm ± 3.23 1.41 ± 1.63 0.0002 
L1 – NB (mm) 4.30mm ± 1.90 5.98mm ± 2.30 1.68 ± 1.64 <0.0001 
L1 – APo (mm) 0.35mm ± 1.79 2.32mm ± 1.79 1.96 ± 1.72 <0.0001 




7.03mm ± 4.40 5.84mm ± 7.93 -1.19 ± 8.35 0.4716 
U1 – NPo (mm) 7.35mm ± 2.68 6.75mm ± 3.07 -0.60 ± 1.78 0.1001 
U1 – APo (mm) 5.08mm ± 1.92 4.91mm ± 1.67 -0.17 ± 1.74 0.6169 
U6 – PT vertical 
(mm) 
18.21mm ± 3.36 18.33mm ± 5.38 0.12 ± 4.78 0.8999 
IMPA 98.64° ± 5.86 101.57° ± 6.31 2.93 ± 5.30 0.0093 
FMIA 60.12° ± 6.00 56.52° ± 8.21 -3.60 ± 7.16 0.0167 
U1 - FH° 111.81° ± 6.99 113.15° ± 10.59 1.34 ± 10.13 0.5068 
U1 - APo° 26.73° ± 6.84 27.26° ± 6.29 0.53 ± 7.74 0.7313 
U6 - SN° 71.34° ± 4.35 74.65° ± 4.61 3.30 ± 4.78 0.0017 
U1 - SN° 102.33° ± 7.01 104.95° ± 8.78 2.62 ± 9.19 0.1580 
L1 - SN° 50.65° ± 6.09 48.30° ± 5.30 -2.35 ± 4.50 0.0134 
NLA 137.27° ± 9.23 142.74° ± 5.89  8.91 ± 7.71 0.0053 
Lower Lip to E-
plane 
-1.21 ± 2.38 -1.52 ± 1.92 -0.50 ± 1.61 0.2498 
Upper lip to E-
plane 
-2.92 ± 2.52 -4.27 ± 1.87 -1.88 ± 1.46 0.0001 
Facial convexity 159.22° ± 6.36 161.32° ± 6.20 3.61 ± 3.41 0.0011 
Table 4.3: A comparison of Distal Jet pre-treatment (T0) measurements to post-treatment 







Characteristics T-0 (mean +/- 
ST deviation) 
T-1 (mean +/- St 
Deviation) 




L1 – NPo (mm) 2.48mm ± 3.11 3.19mm ± 3.18 0.71 ± 1.10 0.0028 
L1 – NB (mm) 3.67mm ± 2.20 4.78mm ± 2.13 1.12 ± 0.86 <0.0001 
L1 – APo (mm) 0.04mm ± 2.08 1.26mm ± 2.14 1.22 ± 1.18 <0.0001 




6.89mm ± 4.93 5.86mm ± 5.85 -1.03 ± 3.77 0.1766 
U1 – NPo (mm) 6.56mm ± 3.90 6.12mm ± 3.22 -0.45 ± 1.94 0.2513 
U1 – APo (mm) 4.51mm ± 3.00 4.29mm ± 2.23 -0.22 ± 1.74 0.5332 
U6 – PT vertical 
(mm) 
18.01mm ± 4.06 16.98mm ± 3.74 -1.03 ± 2.61 0.0557 
IMPA 93.53° ± 6.05 95.04° ± 5.15 1.52 ± 4.10 0.0714 
FMIA 65.99° ± 7.91 62.93° ± 6.05 -3.06 ± 4.90 0.0039 
U1 - FH° 108.12° ± 10.28 115.04° ± 11.27 6.93 ± 9.16 0.0007 
U1 - APo° 22.07° ± 9.44 28.46° ± 7.01 6.39 ± 8.19 0.0005 
U6 - SN° 72.78° ± 6.22 73.12° ± 5.30 0.35 ± 4.96 0.7251 
U1 - SN° 97.52° ± 10.82 104.32° ± 11.38 6.79 ± 9.03 0.0008 
L1 - SN° 55.39° ± 9.07 52.22° ± 7.43 -3.18 ± 4.18 0.0007 
NLA 127.78° ± 12.72 131.05° ± 9.10 3.27 ± 11.70 0.1662 
Lower Lip to E-
plane 
-1.52 ± 2.43 -1.93 ± 2.44 -0.42 ± 1.20 0.0882 
Upper lip to E-
plane 
-3.19 ± 2.20 -4.46 ± 2.48 -1.27 ± 1.49 0.0002 
Facial convexity 159.78° ± 5.60 160.86° ± 5.83 1.08 ± 4.05 0.1841 
Table 4.4: A comparison of Horseshoe Jet pre-treatment (T0) measurements to post-







Analysis of variance revealed significant differences between the four groups for the 
changes that occurred in each of the following measurements: L1 – NPo (mm), L1 – NB 
(mm), L1 – APo (mm), U1 – NPo (mm), U1 – APo (mm), U6 – Pt Vertical (mm), U1 - FH°, U1 
– APo°, U1 - SN°, and facial convexity.  
 
Measurements p-value 
L1 – NPo (mm) 0.0003 
L1 – NB (mm) 0.0006 
L1 – Apo (mm) 0.0043 
U1 – NA (mm) 0.1048 
U1 – Na-Perpendicular (mm) 0.7864 
U1 – NPo (mm) 0.0124 
U1 – APo (mm) 0.0226 
U6 – PT vertical (mm) 0.0209 
IMPA 0.5235 
FMIA 0.1605 
U1 - FH° 0.0029 
U1 - APo° <0.0001 
U6 - SN° 0.0671 
U1 - SN° 0.0011 
L1 - SN° 0.1691 
NLA 0.0660 
Lower Lip to E-plane 0.1408 
Upper lip to E-plane 0.5142 
Facial convexity 0.0191 






To determine how each groups’ overall treatment effects differed from one another, 
a Tukey multiple comparison test was performed and the significant findings are outlined 
below: 
Lower incisor 
Lower incisor position changes were most significantly different between Distal Jet 
and other compared methods. The Distal Jet group had more protrusion: L1-NPo (mm) was 
1.64mm more than MGBM and 1.39mm more than pendulum. L1-NB (mm) was 1.38mm 
more than pendulum and 1.37mm more than MGBM. L1-APo (mm) was 1.40mm more than 
pendulum and 1.49mm more than MGBM. There were no statistically significant 
differences in the lower incisor inclination between groups. 
Upper incisor 
U1 showed significant differences in the majority of the measurements between the 
groups, with the pendulum group having more retraction of U1: U1-NPo (mm) was 1.36mm 
less than Distal Jet (p=0.04) and 1.51mm less than Horseshoe Jet. U1-APo (mm) was 
1.41mm less than Distal Jet (p=0.01) and 1.36mm less than Horseshoe Jet (p=0.01). 
The pendulum group also had the most retroclination of the upper incisors: U1 - FH° 
was 8.49° less than Horseshoe Jet, U1 - APo° was 6.51° less than MGBM and 10.42° less 
than Horseshoe Jet, and U1 - SN° was 7.05° less than MGBM and 9.16° less than Horseshoe 




one measurement, the U1 - APo°, showed statistical significance at 5.86° more than Distal 
Jet. 
Upper first molar 
The only significant difference of upper first molar change was for the measurement 
U6-PtV (mm) with the pendulum 2.90mm more mesial than Horseshoe Jet.  
Soft tissue 
 The only soft tissue measurement that was statistically significant was facial 










































L1 – NPo (mm) -0.23 ± 1.28 0.02 ± 1.60 1.41 ± 1.63 0.71 ± 1.10 0.928 0.0005 0.0912 0.0034 0.2948 0.2948 
L1 – NB (mm) 0.31 ± 1.12 0.30 ± 1.66 1.68 ± 1.64 1.12 ± 0.86 1 0.0029 0.1542 0.0025 0.1444 0.4525 
L1 – Apo (mm) 0.47 ± 1.57 0.56 ± 1.93 1.96 ± 1.72 1.22 ± 1.18 0.9969 0.0076 0.3593 0.0129 0.4703 0.3519 




-0.72 ± 3.15 0.12 ± 2.45 -1.19 ± 8.35 -1.03 ± 3.77 0.9333 0.9861 0.9961 0.7796 0.8425 0.9993 
U1 – NPo (mm) -1.39 ± 1.44 -1.96  ± 2.14 -0.60 ± 1.78 -0.45 ± 1.94 0.6939 0.4182 0.2658 0.0444 0.0202 0.9912 
U1 – APo (mm) -0.86 ± 1.61 -1.58 ± 2.21 -0.17 ± 1.74 -0.22 ± 1.74 0.5044 0.5505 0.6024 0.0354 0.0439 0.9998 
U6 – PT vertical 
(mm) 
0.27 ± 2.44 1.87 ± 2.77 0.12 ± 4.78 -1.03 ± 2.61 0.3118 0.9985 0.5009 0.2289 0.0108 0.5945 
IMPA 1.44 ± 4.11 2.76 ± 4.89 2.93 ± 5.30 1.52 ± 4.10 0.7411 0.6607 0.9999 0.9991 0.7688 0.6898 
FMIA -0.38 ± 5.11 -1.41 ± 5.13 -3.60 ± 7.16 -3.06 ± 4.90 0.9167 0.1834 0.3358 0.5025 0.7195 0.9854 
U1 - FH° 4.48 ± 6.12 -1.56 ± 7.68 
1.34 ± 
10.13 
6.93 ± 9.16 0.0571 0.5449 0.7297 0.6029 0.0025 0.0856 
U1 - APo° 2.48 ± 4.94 -4.03 ± 7.52 0.53 ± 7.74 6.39 ± 8.19 0.0094 0.7689 0.2232 0.1115 <.0001 0.022 
U6 - SN° 4.48 ± 6.97 1.90 ± 6.08 3.30 ± 4.78 0.35 ± 4.96 0.3842 0.8859 0.0567 0.8153 0.7646 0.2548 
U1 - SN° 4.68 ± 5.92 -2.37 ± 8.63 2.62 ± 9.19 6.79 ± 9.03 0.0165 0.8139 0.8015 0.1408 0.0008 0.2764 
L1 - SN° -0.22 ± 4.91 -2.23 ± 5.62 -2.35 ± 4.50 -3.18 ± 4.18 0.4502 0.3969 0.1340 0.9997 0.8935 0.9265 
NLA -0.15 ± 7.10 1.48 ± 7.00 8.91 ± 7.71 3.27 ± 11.70 0.9288 0.0496 0.5697 0.1234 0.8884 0.3293 
Lower Lip to E-
plane 
-1.38 ± 1.22 -0.61 ± 1.92 -0.50 ± 1.61 -0.42 ± 1.20 0.3154 0.3147 0.1361 0.9959 0.9686 0.9984 
Upper lip to E-
plane 
-1.90 ± 1.42 -1.72 ± 1.93 -1.88 ± 1.46 -1.27 ± 1.49 0.9796 1.0000 0.5372 0.9897 0.7597 0.6428 
Facial convexity 0.63 ± 2.83 2.73 ± 2.86 3.61 ± 3.41 1.08 ± 4.05 0.1315 0.0409 0.9641 0.8443 0.2906 0.0965 









U1 – NPo (mm)  Pendulum is 1.36mm less than Distal Jet 
 Pendulum is 1.51mm less than Horseshoe Jet 
U1 – APo (mm) 
 
 Pendulum is 1.41mm less than Distal Jet 
 Pendulum is 1.36mm less than Horseshoe Jet 
U1 – FH°  Pendulum is 8.49° less than Horseshoe Jet 
U1 – Apo°  Pendulum is 6.51° less than MGBM 
 Pendulum is 10.42° less than Horseshoe Jet 
 Distal Jet is 5.86° less than Horseshoe Jet 
U1 – SN°  Pendulum is 7.05° less than MGBM 
 Pendulum is 9.16° less than Horseshoe Jet 
Upper 1st Molar 
U6 – PT vertical 
(mm) 
 Pendulum is 2.90mm greater than Horseshoe Jet 
Lower Incisor 
L1 – Npo (mm)  Pendulum is 1.39mm less than Distal Jet 
 MGBM is 1.64mm less than Distal Jet 
L1 – NB (mm)  Pendulum is 1.38mm less than Distal Jet 
 MGBM is 1.37mm less than Distal Jet 
L1 – Apo (mm)  Pendulum is 1.40mm less than Distal Jet 
 MGBM is 1.49mm less than Distal Jet 
Facial Convexity 








Mechanics that are used to retract the anterior maxillary dentition after distalization 
of molars usually needs more anchorage than even super Class I molars can provide. It is as 
Bowman stated, “the key to Class II distalization is not how the molars are moved back, but 
what happens afterward in terms of biomechanics.”4,17 Appliances that rely on Nance 
buttons and the dentition for anchorage often require additional reinforcements such as 
headgear, inter-arch elastics, or direct skeletal anchorage.18 If Class II elastics are used 
during this phase, it would place stress on the mandibular anchorage, leading to a more 
protrusive lower incisor position.  
The results of the two conventionally anchored distalization appliances (Distal Jet 
and pendulum) were mixed. Pendulum subjects had the greatest upper incisor retraction 
out of the four groups and had good lower incisor control, with only the IMPA showing 
slight proclination by 2.76° (Table 4.2). Meanwhile, the Distal Jet subjects had considerably 
less upper incisor retraction and had the most lower incisor protrusion when compared to 
all other groups. A reason for this disparity could be that subjects treated with pendulum 
distalizers at Boston University were almost always prescribed headgear use (24 out of 26 
subjects).  
 The two miniscrew supported distalization appliances (Horseshoe Jet and MGBM) 




statistical difference from each other. However, the MGBM group was the only group to not 
have any significant changes to the lower incisor position or inclination.  
The result from the pendulum group was surprising as previous studies showed it 
had more anchorage loss and distal tipping of molars when compared with other 
distalizers.6,19 No study to date has directly compared the effects of pendulum used in 
conjunction with headgear to that of TAD supported distalizers. Extraoral traction, from the 
prescription of headgear wear in our subjects, most likely contributed to the superior 
upper incisor retraction and control of mandibular flaring. The measurements showing 
significant retraction of upper incisors were measured in reference to NPo and APo lines, 
and not to NA or Na-Perpendicular lines. NPo and APo both have a mandibular component 
at pogonion and the observed changes could be due to the restriction of the maxillary 
growth in relation to the mandible.  
As patient compliance is unpredictable and often unreliable, non-compliance based 
anchorage with the use of miniscrews has gained popularity. The results of this study show, 
when a conventional distalizer such as the pendulum is coupled with traditional headgear 
use, it can produce results that rival or exceed those of modern miniscrew supported 
distalizers. This is likely because there is greater distalization potential in utilizing skeletal 
and dental correction of Class II malocclusion when compared to distalizers that solely rely 
on dental correction. Patient compliance was not controlled in this study and there were 




achieve greater distalization than the other compared groups. 
The subjects utilized in this study were mostly of growing age and thus growth 
could account for some of the results. For example, measurements utilizing a reference line 
to pogonion could be affected by the differential growth of the maxilla and mandible. It has 
been shown that, in growing patients after seven years of age, the pogonion moves 
anteriorly approximately twice the rate of ANS and A-point.20 Results comparing the 
treatment effects of the pre-treatment and post-treatment must be interpreted carefully 
(Tables 4.1 – 4.4). Since all groups were sex and age matched, comparisons of treatment 
effect differences between groups is more reliable because it would negate the effects of 
growth (Table 6.1).  
Soft tissue changes were evident between T0 and T1. MGBM group had upper and 
lower lip retrusion in relation to E-plane (1.38mm and 1.90mm). Pendulum group had 
upper lip to E-plane retrusion by 1.72mm and the profile was 2.73° less convex. Distal Jet 
group also had upper lip to E-plane retrusion by 1.88mm and the profile was 3.61° less 
convex. Horseshoe Jet group had upper lip to E-plane retrusion by 1.27mm. However, most 
of these changes were insignificant during intergroup comparisons where growth effects 
were mitigated. The only significant value becomes facial convexity, between the MGBM 
group and the Distal Jet group, where the MGBM group had a 2.98° more convex profile 




The process by which Class I occlusion is achieved by distalization mechanics has 
been theorized to possibly be attributed to not only the distalization of the maxillary 
dentition, but also to the disruption of the Class II intercuspated occlusal relationship and 
the subsequent mandibular growth that leads to an improved occlusal relationship. This 
theory was explored by Tsourakis and Johnston.21 The study was based on untreated 
subjects and they found that the majority of subjects who developed a Class II dental 
relationship were because of delayed mandibular growth during mixed dentition. The 
intercuspation in a Class II relationship is maintained even after the subjects’ mandibles 
grew similar to Class I subjects.21,22 Additionally, Bishara et al. and Baccetti et al. showed 
that the majority of Class II untreated subjects will eventually have similar skeletal growth 
as Class I subjects, yet the Class II occlusal relationship is maintained.22,23 The often 
favorable growth in Class II subjects is absorbed by dentoalveolar compensation. Tsourakis 
and Johnston suggested a maxillary holding appliance, such as a headgear, to “prevent 
maxillary dentoalveolar compensations until, in the fullness of time, the mandible outgrows 
the maxilla enough to adjust the occlusion to Class I.”21 Kim et al. also suggested that “the 
concept of ‘unlocking the occlusion’ in Class II correction may free the dentoalveolar 
adjustments.”24 If this theory is correct, it would mean that clinicians merely need to 





Lower incisor positions were used in this study to evaluate forward movement of 
the mandibular dentition during treatment to achieve a Class I occlusion. They were used 
as a convenient surrogate rather than examining the mechanics performed in each case. As 
such, these measurements do not take into account case variations, such as mandibular 
crowding, spacing, and incisor flaring, etc. There could also be variations in the individual 
clinician’s preference in the position and inclination of the anterior dentition.   
There are limitations to the study that were identified. The varying severities of the 
initial Class II malocclusion would affect the amount of distalization required and could 
potentially increase the side effects seen. However, the pendulum group demonstrated the 
greatest amount of distalization while maintaining the lower incisor position. Similarly, 
another possible limitation to the study is that Class II div 1 and div 2 subjects were not 
identified. If a group had a higher proportion of Class II div 2 patients, the upper incisor 
angulation after treatment would be more procumbent. This study also does not take into 
account of the treatment duration from T0 to T1 and a longer treatment period could have 
more changes due to growth.  
Conclusions 
1. Comprehensive orthodontic treatments that use the distalization of maxillary 
molars as part of Class II correction could lead to protrusive and procumbent 




2. Combination of pendulum appliance and headgear use could lead to greater 
distalization of maxillary dentition and better control of mandibular dentition 
position than miniscrew supported distalization appliances. 
3. The compared maxillary molar distalizers, when used as part of comprehensive 
orthodontics, produced similar soft tissue changes. 
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